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ABSTRACT
Hydronephrosis is one of the most common congenital malformations detected on prenatal 
ultrasounds. Moderate and severe cases are often associated with urological abnormality.
OBJECTIVE
To describe a series of pediatric patients diagnosed with hydronephrosis determining their 
etiology, prenatal diagnosis and frequency of chronic kidney disease (CKD).
MATERIALS AND METHODS
A descriptive, retrospective study.
RESULTS
The records of 924 patients between the ages of 0 and 18 years were evaluated, 35.7% female 
and 64.3% male. In 14.4% (133) the diagnosis was prenatal. Hydronephrosis was bilateral in 198 
patients (28.5%). In 18.3% (169) no associated urological abnormality was found, reaching 4.2% 
in CKD (7). Ureteropelvic stenosis was diagnosed in 23.3% (216) followed with 21.5% VUR (199) 
and posterior urethral valves in 9.4% (87), reaching 10.2% ERC (93).  When the hydroneprhosis 
was diagnosed by urography, those patients presented 11.3% of chronic kidney disease vs. 8.4% 
in whom the diagnosis was made by ultrasound, when the hydronephosis diagnosed was by 
prenatal vs postnatal ultrasound, the percentage of CKD was 4.8% vs 10.8%, respectively.
CONCLUSION
Early diagnosis of hydronephrosis allows the detection of urologic abnormalities susceptible of 
treatment. Although there are still many questions about which one is the ideal strategy of follow up; 
the ultrasonography, voiding cystourethrogram, urography, scintigraphy and magnetic resonance 
urography in selected patients are the most useful tools in order to evaluate urinary tract anomaly.
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INTRODUCTION 
Hydronephrosis, a term used to describe dilation of the 
renal collecting system, is one of the most commonly 
detected congenital malformations on prenatal 
ultrasounds (1); its prevalence varies between 1% and 
5% in fetuses (2,3) and may reach 0.5% in newborns (4). 
Different classification systems have been proposed to 
assess its severity, usually based on the anteroposterior 
diameter of the renal pelvis measured by ultrasound, 
which is considered normal when it is below 7 mm 
(2,5). In 1993, the Society for Fetal Urology developed 
a classification system that assesses the grade of 
dilation based on the sonographic appearance of the 
renal parenchyma and collecting system with a score 
that ranges between 0 and 4 (1,6). Moderate and severe 
cases with diameters greater than 15 mm (grades 
3 and 4) are often associated with ureteropelvic 
junction obstruction, posterior urethral valves, and 
vesicoureteral reflux (VUR); mild cases (grades 1 and 
2) mostly resolve spontaneously (7). Approximately 
30% to 40% of prenatally diagnosed hydronephrosis 
cases persist in the postnatal stage, between 30% and 
40% resolve spontaneously during the first two years 
of life (7,8), and less than 15% require surgery (4).  
Today, hydronephrosis remains controversial (9). 
It could be suspected that a greater degree of 
hydronephrosis is correlated with severity of the 
underlying cause, but this hypothesis is debatable, 
particularly in patients with VUR, for which some 
studies have shown its presence even in mild cases 
of hydronephrosis (5). Moreover, there is no good 
correlation between the hydronephrosis grade and 
the VUR severity (10). Hwang et al conducted a 
cohort study in which they observed that employing 
a voiding cystogram (VCUG) to evaluate prenatal 
hydronephrosis leads to detection of VUR in 9% to 
21% of cases (10). VUR is an important abnormality 
because it is associated with recurrent urinary tract 
infections (UTIs) and renal damage (10); thus, proper 
evaluation and postnatal follow-up are important 
for differentiating which patients are at risk for renal 
parenchymal damage and which are not (1).   
Due to the clinical significance and potential risk for 
long-term complications, such as UTIs and chronic 
renal failure (11), this study aimed to describe pediatric 
hydronephrosis patients who visited the San Vicente 
Foundation University Hospital (HUSVF, in Spanish) 
of Medellín, Columbia, between 1960 and 2010. 
The investigation sought to determine the causes of 
hydronephrosis and the frequency of prenatal diagnosis 
of chronic kidney disease (CKD) in the studied population.
MATERIALS AND METHODS 
A descriptive, retrospective study was conducted in 
which records of patients who attended the outpatient 
Pediatric Nephrology Clinic of the HUSVF with a 
hydronephrosis diagnosis during the years 1960-2010 
were reviewed. All of the subjects underwent VCUG 
and other imaging studies, based on the findings and 
historic timepoint of the diagnosis. These studies 
included excretory urography, renal ultrasound 
(within the previous three decades), and renal 
scintigraphy (within the previous two decades). 
The evaluated patients were divided into two groups 
according to the imaging studies used for the initial 
diagnosis of hydronephrosis; the first group included 
patients whose diagnosis was made by excretory 
urography, and the second group included patients 
whose initial exam was a renal ultrasound. This 
grouping was necessary because of the different 
historical periods included in this study: Colombia 
adopted the use of ultrasound beginning in the eighties; 
previously, excretory urography was the only available 
imaging resource for diagnosing hydronephrosis. 
Variables that were considered for analysis were sex, 
time of diagnosis (prenatal or postnatal), type of 
hydronephrosis (unilateral or bilateral), and presence 
or absence of anatomical malformations of the 
urinary tract. For the diagnosis of VUR, patients with 
the following associated clinical conditions were 
excluded: valves, neurogenic bladder, ureterocele, etc. 
The development of CKD was also evaluated, which 
was defined as increased creatinine values above the 
normal age range for greater than three months that 
did not decrease during the follow-up. 
One of the authors (VP) has been responsible for the 
initial management and the clinical and statistical 
follow-up of patients included in this study from the 
first year of the cohort, which includes individuals 
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under 18 years old attending the Pediatric Nephrology 
Clinic of the HUSVF between January 1, 1960, and 
December 31, 2010.  
A data recollection format was utilized from the 
clinical history, which was typed into Microsoft 
Excel and subsequently analyzed using SPSS v.17.O. 
Standards for the ethical aspects of research involving 
human subjects, as set out in Resolution 8430 of 1994 
of the Ministry of Health of Colombia, were followed. 
Confidentiality of the personal data was preserved. 
RESULTS
In total, there were 924 eligible clinical records of 
patients under 18 years. The sex distribution was 594 
men (64.3%) and 330 (35.7%) women (male/female 
ratio: 1.8:1). In 133 patients (14.4%), the diagnosis was 
made prenatally; in the other 791 (85.6%) patients, 
the diagnosis was postnatal. Of the 694 patients with 
information on the type of hydronephrosis, 198 were 
Diagnosis Women Men Total %
Ureteropelvic junction obstruction 72 114 216 28,6
Vesicoureteral reflux 85 114 199 26,4
Posterior urethral valves 0 87 87 11,5
Double collecting system 30 17 47 6,2
Multicystic dysplasia 18 25 43 5,7
Diverticulum 5 20 25 3,3
Neurogenic bladder 13 10 23 3,0
Prune belly syndrome 1 17 18 2,4
Ochoa syndrome 10 7 17 2,3
Unilateral renal agenesis 6 9 15 2,0
Non-refluxing, non-obstructive megaureter 6 9 15 2,0
Vesicoureteral stenosis 7 8 15 2,0
Renal hypoplasia 6 8 14 1,9
Ureterocele 5 3 8 1,1
Nephrolithiasis 2 5 7 0,9
Horseshoe kidney 2 2 4 0,5
Wilms’ tumor 1 1 2 0,3
Total 269 486 755 100,0
Table 1. Abnormalities present in 755 patients with hydronephrosis 
bilateral (28.5%), and 496 (71.5%) were unilateral. In 
the remaining 230 patients, there were no data on the 
type of hydronephrosis (unilateral or bilateral).  
Of the 198 patients diagnosed with bilateral 
hydronephrosis (data from 694 patients), the most 
common causes were as follows: 25% VUR (50 
patients), 20.7% posterior urethral valves (41 patients), 
0.1% ureteropelvic stenosis (18 patients), and 19.2% 
normal (38 patients). Patients without associated 
abnormalities: This group consisted of 169 of the 924 
patients (18.3%), of whom 108 were men (63.9%) and 61 
(36.1%) were women (male/female ratio 1.8:1). Follow-up 
was performed on 164 patients in the outpatient clinic, 
and it was found that seven of them (4.3%) developed 
CKD. Patients with urinary tract abnormalities: In total, 
there were 755 (81.7%) patients, including 486 men 
(64.4%) and 269 women (35.6%) (male/female ratio: 
1.8:1). The most frequent abnormality was ureteropelvic 
junction obstruction [with 219 patients (28.6%)] followed 
by VUR [with 199 patients (26.4%)] (Table 1).
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Diagnosis CKD
% CKD n/total
Ochoa syndrome 47,00 8/17
Prune belly syndrome 33,00 6/18
Posterior urethral valves 32,20 28/87
Renal hypoplasia 21,40 3/14
Renal agenesis 20,00 3/15
Diverticulum 16,00 4/25
Vesicoureteral stenosis 13,30 2/15
Vesicoureteral reflux 12,90 24/186
Neurogenic bladder 8,70 2/23
Double collecting system 2,12 1/47
Ureteropelvic junction obstruction  1,86 4/214
Table 2: Malformations found and chronic kidney disease (CKD) frequency during the follow-up 
Neurogenic bladder was diagnosed in 23 of the 
755 patients (3.0%), and in 21 of these patients, the 
condition was secondary to myelomeningocele; the 
sex distribution was 13 women (56.5%) and 10 men 
(43.5%). During the follow-up, CKD was found in 
two of these 23 patients (8.7%) and was present in 
eight (47%) of the 17 patients with Ochoa syndrome 
(inversion of facial expression, voiding dysfunction, 
and constipation) (Table 2). It was possible to track 
907 of the patients, and CKD was diagnosed in 
93 of them (10.2%). Table 2 shows that the most 
commonly observed abnormalities associated with 
CKD development were Ochoa syndrome, renal 
hypoplasia, prune belly syndrome, and posterior 
urethral valves. Of the patients with ureteropelvic 
junction obstruction, which was the most commonly 
found abnormality in this series of patients, only four 
of 214 (1.9%) progressed to CKD (Table 2). 
Another 75 patients of the entire 907 subjects who 
were tracked had other conditions (ureterocele: eight 
cases; stones: seven cases; cystic dysplasia: 43 cases; 
megaureter: 15 cases; and Wilms’ tumor: two cases) 
that did not progress to CKD. 
Nine hundred and seven patients were grouped with 
follow-up according to the diagnostic method used for 
detecting hydronephrosis; the first group included the 
563 patients whose diagnosis was made by excretory 
urography, and the second group included the 344 
patients who were diagnosed by renal ultrasound. 
CKD was observed during the follow-up in 64 patients 
from the first group (11.4%) and in 29 (8.4%) patients 
from the second (Table 3). The anomalies found 
according to the initial imaging study are presented 
in Table 4. 
CKD was found in six (4.6%) of the 131 patients with 
a prenatal ultrasound diagnosis of hydronephrosis 
and in 23 (10.8%) of the 213 patients whose ultrasound 
diagnosis was postnatal (Table 5). 
In 43 patients (4.6%), other anorectal and genital 
malformations were found, namely, imperforate anus 
in 26 patients, hypospadia in four patients, cloaca in 
four patients, bladder hypoplasia in three patients, 
urachus in two patients, ambiguous genitalia in one 
patient, VACTERL association in one patient, and 
bladder exstrophy in one patient. 
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Diagnostic methods
CKD
   Total
Yes No
n % n % n %
Prenatal 6 4,6 125 95,4 131 100
Postnatal 23 10,8 190 89,2 213 100
Total 29 8,4 315 91,6 344 100
Table 5. Chronic kidney disease (CKD) based on the prenatal or postnatal ultrasound diagnosis
Anomaly Renal ultrasound (%) Excretory urography (%)
Vesicoureteral reflux 30,2 9,0
Ureteropelvic junction obstruction 18,0 16,8
No malformations 14,8 12,6
Posterior urethral valves 8,1 6,5
Dysplasia/hypoplasia 6,4 2,8
Double collecting system 5,8 2,9
Neurogenic bladder 3,8 1,1
Ureterovesical stenosis  2,0 0,9
Table 4. Anomalies found based on the initial imaging study
Diagnostic methods
Chronic kidney disease
   Total
Yes No
n % n % n %
Excretory urography 64 11,4 499 88,6 563 100
Renal ultrasound 29 8,4 315 91,6 344 100
Table 3. Grouping according to the imaging method used for diagnosing hydronephrosis (n = 907)
DISCUSSION
Hydronephrosis is the most commonly detected 
anomaly by prenatal ultrasound (4,12). It can be caused 
by many urological conditions, but in 50% to 70% of cases, 
no anatomical or functional alteration is found, and 
they resolve spontaneously (11). Only a small number 
of patients, especially those with severe hydronephrosis, 
need surgery (6,13). There are no predictive markers 
that determine the most appropriate treatment (13); the 
following are some of the parameters used to define the 
requirement for surgery: hydronephrotic kidney function 
of less than 40% compared with healthy kidneys (14), 
impaired differential function greater than 5% at follow-
up, increasing hydronephrosis, severe hydronephrosis 
in a single kidney, and recurrent UTIs (6,15).  
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The biggest challenge in the postnatal management 
of hydronephrosis is distinguishing which patient 
is at risk for renal failure to minimize the use of 
unbeneficial invasive studies (1,8). Various imaging 
modalities exist. Renal ultrasound is a low-cost, 
noninvasive method that is free of irradiation but 
only provides anatomical information; in addition, its 
results may be altered according to the radiologist’s 
experience and the patient’s hydration status (11). A 
VCUG provides more anatomic details, particularly 
of the bladder and urethra, but its disadvantages are 
radiation, the requirement for vesical catheterization, 
and a susceptibility to UTIs (10,11). Scintigraphy, using 
either diethylenetriamine pentaacetic acid labeled 
with technetium 99m (DTPA) or mercaptoacetyl-
triglycine marked with technetium 99m (MAG3) 
(diuretic renogram), is used when obstruction is the 
suspected cause of a dilated renal pelvis; in addition, 
this technique calculates the differential renal 
function (11, 16). 
Seventy percent to 90% of patients with severe 
hydronephrosis may have significant urological 
disease. Thus, it is clear that monitoring requires 
imaging studies such as renal ultrasound, VCUG, 
and, based on the findings, renal scintigraphy—as 
well as (more recently) functional MR urography 
(17). However, there is controversy regarding 
patients diagnosed with mild hydronephrosis; some 
authors report a benign course, but others report 
the progression of hydronephrosis and the frequent 
need for surgery. Many studies have shown that a 
normal ultrasound during the first week of life is not 
sufficient to rule out malformations or abnormalities 
of the urinary tract given that these conditions are not 
initially detected in up to 15% of patients (11). In a study 
of 213 children with mild to moderate hydronephrosis, 
there was a 39% significantly obstructive uropathy 
(ureteropelvic junction obstruction, vesicoureteral 
stenosis, and posterior urethral valves) (11). Another 
study found that 24% of children diagnosed with 
hydronephrosis require surgery; by contrast, some 
authors have observed that in more than 95% of 
children with mild hydronephrosis, resolution occurs 
without recurrence (11). Considering that ultrasound 
is a noninvasive method, our first proposal is to 
continue using ultrasound monitoring to confirm the 
improvement or worsening of hydronephrosis (11). 
The first renal ultrasound should be performed after 
the fifth day of life, when the diuresis and hydration 
statuses are adequate, and the second ultrasound 
should be performed at four to six weeks of age (18); a 
renal ultrasound is also recommended at two years of 
age to determine if there is complete recovery.  
Another existing controversy is whether a VCUG 
should be performed on all patients diagnosed with 
hydronephrosis; previous studies have shown that 
VCUG can detect VUR in 9% to 21% of cases (11). 
VUR in this study represented 26.4% of the anomalies 
detected, a proportion that is especially significant 
because high grade VUR is associated with renal 
scarring (19), arterial hypertension, and CKD (18). 
Gokce et al, in a study of 256 children referred for 
the prenatal diagnosis of hydronephrosis, found 
that hydronephrosis, urinary infections, and VUR 
were independent risk factors for renal parenchymal 
lesions. By contrast, up to 27% of patients with a 
history of prenatal hydronephrosis and grades 2-5 VUR 
can have a normal postnatal ultrasound (10,20,21); 
consequently, some groups recommend a VCUG in all 
children with prenatal hydronephrosis, regardless of 
the postnatal findings (11,12).   
Other authors have questioned the clinical signifi-
cance of hydronephrosis and suggest resorting to 
VCUG when the patient has ultrasound findings con-
sistent with renal dysplasia or hypoplasia, renal cystic 
disease, cortical thinning, loss of corticomedullary 
differentiation, high-grade unilateral or bilateral dila-
tion, alteration in the kidney number or kidney size, 
presence of ureteroceles or hydroureteronephrosis, 
or suspected bladder outlet obstruction (such as thic-
kening of the bladder wall or ureters) (1,6,15). Other 
ultrasound findings that are indications for a VCUG are 
the presence of caliectasis and an anteroposterior pel-
vic diameter greater than 15 mm (6,11). Regarding this 
situation, the Colombian health system does not allow 
adequate access to health services, especially for the 
pediatric population, leading to delayed diagnosis and 
irreversible consequences. Consequently, the second 
proposal of this pediatric nephrology group is to per-
form a VCUG in all patients with hydronephrosis (defi-
ned as a renal pelvis AP diameter greater than 7 mm) 
that does not improve sonographically—with the aim 
of detecting VUR or urethral abnormalities. If the VCUG 
is normal and there is increased dilation of the renal 
pelvis during the follow-up, a diuretic renogram with 
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DTPA or MAG3 or an excretory urography should be 
performed, depending on the patient’s age and renal 
maturity. In patients diagnosed with bilateral hydrone-
phrosis, a VCUG should be performed during the first 
postnatal week (15) because these individuals have a 
higher risk of abnormalities, such as posterior urethral 
valves, prune belly syndrome, and urethral atresia, 
which are diseases with high risk of impairing renal 
function, especially when the diagnosis is delayed. 
In this study, similar to the previous investigations, 
ureteropelvic junction obstruction was the main cause 
of hydronephrosis (14); this condition was found in 
28.6% of patients (10,13,22), followed by VUR (26.4%), 
posterior urethral valves (11.5%), and, less often, other 
abnormalities. The female/male ratio was 1.8:1, similar 
to that found in other studies, such as the investigation 
by Asli et al (23). As a major finding, 169 patients (18.3%) 
did not have any anatomical or functional abnormalities 
during the follow-up; these data differ from previous 
studies in which transient hydronephrosis without 
clinical sequelae may represent 80% of cases (11). One 
proposed explanation is that the institution where 
this study was conducted is a hospital of fourth level 
complexity, to which highly selected patients come. 
Nonetheless, our results cannot be compared with 
those from other studies because the latter covered 
a historical timeframe in which hydronephrosis was 
diagnosed very differently from today. 
Seven of our patients (4.2%) without anatomical 
abnormalities developed CKD, possibly caused by 
another disease that led to a renal impairment or 
urinary tract malformation not initially observed; 
unfortunately, we do not have these data. In this series, 
a low percentage of patients had a prenatal diagnosis 
of hydronephrosis (14.4%), which can be explained 
because ultrasound was only available in Colombia 
beginning in the eighties. Using this method during 
the prenatal period allows for planning strategies 
to prevent complications (21), such as episodes of 
pyelonephritis, hypertension, or even end-stage renal 
disease (20). In this study, we found that the percentage 
of CKD cases was lower in patients with a prenatal 
diagnosis of hydronephrosis than in those with a 
postnatal diagnosis (4.8% and 10.3%, respectively). 
Moreover, the detection and classification of the 
hydronephrosis severity by prenatal ultrasound 
has prognostic value because up to 99% of patients 
diagnosed with severe prenatal hydronephrosis 
have urological disease (21), which may compel a 
more thorough study of this group of patients. The 
aforementioned discussion justifies our third proposal 
that all pregnant women have access to a third-level 
ultrasound to search for renal malformations. 
CONCLUSION
Hydronephrosis, as a casual imaging finding or during 
the study of other diseases, such as UTI, facilitates the 
detection of monitorable urological abnormalities or 
surgical correction. Prenatal diagnosis has enabled 
early detection to thereby initiate appropriate clinical 
monitoring and timely intervention, all with the goal 
of avoiding future complications, such as episodes of 
pyelonephritis or even end-stage renal disease. 
In selected patients, ultrasounds, VCUGs, excretory 
urography, renograms, and functional MR urography 
are the most useful diagnostic imaging techniques for 
evaluating urinary tract dilation. However, there are still 
many doubts about the ideal strategy for distinguishing 
the child who benefits from a complete examination 
from one who has a benign lesion that does not merit 
many of these imaging techniques. Although controlled 
studies with long-term follow-up are necessary to 
clarify all these controversies, our proposal for tracking 
the Colombian population is to perform a third-level 
prenatal ultrasound in all pregnant women to search 
for malformations such as hydronephrosis. In addition, 
a renal ultrasound should be performed after the fifth 
day of life in newborns prenatally diagnosed with 
hydronephrosis, and even if this test is normal, a second 
ultrasound should be performed between the fourth 
and sixth weeks of life. Nonetheless, in the patient 
with persistent hydronephrosis, ultrasound monitoring 
must be ensured until resolution, and if there is no 
improvement or progression, a VCUG should be 
performed. If the VCUG is normal and hydronephrosis 
persists, an obstructive process must be excluded by 
diuretic renography or excretory urography.  
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